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1 Introduction

RAN#98 has agreed the WI to specify the techniques to improve the network energy savings as RP-223540.
There are two RAN3 related objectives:

2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]

· Note: No change for SSB transmission due to cell DTX/DRX.

· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
……
6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].
After two meetings discussion, several agreements have been made:

Support beam level activation over Xn and F1.
For inter-node beam activation, the XnAP CELL ACTIVATION procedure, and the F1AP GNB-CU CONFIGURATION UPDATE procedure are reused. 
· Over Xn interface, the CELL ACTIVATION REQUEST message may include the SSB beam list that is requested to be activated, and the CELL ACTIVATION RESPONSE message may include SSB beam list that are activated. When the receiving NG-RAN node cannot activate any of the SSB beams, it should respond with the CELL ACTIVATION FAILURE message with an appropriate cause value. 
· Over F1 interface, the GNB-CU CONFIGURATION UPDATE message may include the SSB beam list that is requested to be activated, and the GNB-CU CONFIGURATION UPDATE ACKNOWLEDGE may include SSB beam list that are activated. In case the gNB-DU cannot activate any of the requested SSB beams, it should respond with the GNB-CU CONFIGURATION UPDATE FAILURE message with an appropriate cause value. 

It’s up to gNB’s implementation to decide to which UEs should apply the paging enhancement technique. 

The paging enhancement technique is applicable for UEs in RRC inactive state.  

Introduce the recommended SSB beam list in the F1AP paging message.  

Introduce a list of last few served SSB beam s/recommended SSB beam list as paging assistance information to the gNB-CU in UE CONTEXT RELEASE COMPLETE message over F1AP. 

Send a LS to RAN2 asking feedback containing the agreements for RRC inactive UE, and to SA2 asking feedback for RRC idle UE. The above agreements can be revisited based on reply from RAN2.

In the paper we discuss the potential interface impact for network energy saving. 

2 Discussion
Cell DTX/DRX

Cell DTX/DRX is one of the main techniques in time domain for NES. There are four examples on cell DTX/DRX behavior during non-active periods:
-
Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX non-active periods.

-
Example 2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX non-active periods (i.e., gNB will still transmit/receive reference signals)

-
Example 3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).

-
Example 4: gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement).

The inter-node exchange of cell DTX/DRX can provide the information to assist its own cell policy setting. With inter-node exchange, the node takes it as the information to set the transmission power. For example, when the neighbour cells are in non-active periods (e.g. without any transmission, reference signal only, or periodical inactive), the node can lower down its transmission power to realize ES purpose due to low interference from neighbour cells. The node also can decide its cell DTX/DRX configuration based on the received configurations. To alleviate the interference, one possible way is to select the different time periods with neighbours to do transmission or reception. In addition, it can contribute to the SON decision. The node can select the suitable target cell according to the cell DTX/DRX configuration and status of the UE. If the measurement results of one cell is good but the cell DTX/DRX periodicity does not match the status (e.g. service requirements) of the UE, the node may not select such cell as the target one in LB or MO decision setting to secure the UE performance.

RAN2 and RAN1 is working on the detailed design for cell DTX/DRX. RAN2 has made some progress that the Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
Proposal 1: The inter-node information exchange on cell DTX/DRX should include periodicity, start slot/offset, on duration.
Inter-node beam activation
RAN3 119bis-e meeting has agreed to include beam activation in cell activation procedure for Xn interface and gNB-CU configuration update procedure for F1 interface. As the gNB CU has the more information such as the activation request from neighbor node and the resource status of neighbor node, to maximize the energy saving effect while guarantee the network performance, gNB CU is responsibility for the beam activation decision. Whether and how to negotiate the decision in split architecture is the left issue. Due to beam related information in scope of low layer, gNB DU has the detailed information. Hence, gNB DU may decide and send the preferred beam activation decision to gNB CU based on DU local knowledge, and then gNB CU can confirm or reject the decision from the CU perspective. For example, gNB DU finds one beam needs to be activated due to channel states or load status. The gNB DU sends the beam activation suggestion to gNB CU. Based on the gNB CU information, such as the request from neighbor node, load status, coverage status of itself and neigbor nodes, etc., gNB CU may accept the decision to activate the beam by sending the activation decision via gNB-CU configuration update message or reject the decision. In such way, the decision takes consideration of status of both gNB DU and gNB CU.
Proposal 2: For split architecture, support gNB DU to transfer the preferred activation decision to gNB CU.

As for the timer to indicate the how long the SSBs are activated, it is beneficial for the node to know the activation requirement from neighbor node. When the time exceeds, the node may deactivate the corresponding beam for energy saving purpose. Without such time, the node has no idea about when to deactivate the beam. If deactivating based on its own information, the neighbor node may need to activate again, leading to signaling burden. 
Proposal 3: It is beneficial for node to indicate the time for activation in message for beam activation request.

Paging enhancements
The LS was sent to SA2 to check the feasibility for paging enhancement for idle UEs. If no issue is identified in SA2, the similar mechanism for inactive UEs can be applied for that of idle UEs. In details, when releasing the UE context, RAN can offer a list of beams to AMF. And then, when paging, AMF can send the paging message along with the beam list. gNB or gNB DU can page UE via the corresponding beams. The corresponding spec impact is provided in the CR R3-232814.
Proposal 4: If no issue identified from SA2, propose to agree the NG impact in CR R3-232814 to support the paging enhancement for UEs in RRC Idle state.
3 Conclusion

Based on the discussion, we have the following proposals. It is proposed to agree the proposals.
Proposal 1: The inter-node information exchange on cell DTX/DRX should include periodicity, start slot/offset, on duration.

Proposal 2: For split architecture, support gNB DU to transfer the preferred activation decision to gNB CU.

Proposal 3: It is beneficial for node to indicate the time for activation in message for beam activation request.

Proposal 4: If no issue identified from SA2, propose to agree the NG impact in CR R3-232814 to support the paging enhancement for UEs in RRC Idle state.
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